Detail-preserving sculpting deformation
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Abstract
Sculpting deformation is a powerful tool to modify the
shape of objects intuitively. However, the detail preserving
problem has not been considered in sculpting deformation.
In the deformation of a source object by pressing a primitive
object against it, the source object is deformed while geometric details of the object should be maintained. In order to
address this problem, we present a detail preserving sculpting deformation algorithm by using Laplacian coordinates.
Based on the property of Laplacian coordinate, we propose
two feature invariants to encode the Laplacian coordinate.
Instead of mapping the source mesh to the primitive mesh,
we map the smooth version of source mesh to the primitive
mesh and use the Laplacian coordinates to encode the
geometric details. When the smooth version of the source
mesh is deformed, the Laplacian coordinates of the deformed
mesh are computed for each vertex ﬁrstly and then the
deformed mesh is reconstructed by solving a linear system
that satisﬁes the reconstruction of the local details in least
squares sense. Several examples are presented to show the
effectiveness of the proposed approach.

1. Introduction
Surface editing is an important and time-consuming work
in many ﬁelds such as computer-aided design (CAD), manufacturing, and computer animations. Besides the surface
representation, editing methods and tools are also essential in
an editing process. How to ﬁnd a powerful and fast method
to complete the editing tasks, is an key problem in surface
editing.
NURBS has been a standard representation in CAD
systems, but it is rather tedious when there are large number
of patches of which continuity have to be maintained across
their boundaries. Polygonal representations of 3D objects,
and in particular, triangular meshes, have become prevalent
in numerous application domains. There are some effective
geometry processing and editing tools for triangular mesh.

Sculpting deformation is a powerful tool to modify the shape
of objects intuitively. When a source object is deformed
by pressing a primitive object against it, the original object
should be deformed into the shape of the primitive object
while geometric details are maintained. However, there are
few work on this problem from the view of detail-preserving.
In this paper, we propose a detail preserving sculpting
deformation technique for surface editing. A tool surface,
also called the primitive surface, is presented to modify the
source surface in a way similar to a sculpting surface, the
source surface is deformed into the shape of the primitive
surface while maintaining the detail and topology of the
source surface. See Figure 1 for an example of such an
operation. The advantage of this technique is that you can
keep the details when you modify the source surface by
sculpting. The method is useful in computer animation and
computer aided design.

2. Related work
In this section, we will present an overview of a number
of sculpting deformation techniques and some related work
on detail preserving deformations.
Sculpting deformation The approaches using mathematical representations that depend on the correlation with
control meshes or the characteristic of the surface itself. It
is not clear enough to the user how much the modiﬁcation
will affect the ﬁnal shape. Angelidis et al. [1] present
sweepers, a new class of space deformations suitable for
interactive virtual sculpture. The artist describes a basic
deformation as a path through which a tool is moved. The
tool causes a deformation of the working shape along the
path. Nevertheless, as a sculpting tool, it needs the power
of pulling. Li et al. [2] introduce a method that deforms the
surface directly with a virtual force along the path. The only
difference between pull and push is the direction of force
on the surface.
Detail preserving deformation Detail-preserving is a
key problem in a deformation process. Differential coordi-
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Figure 1. Skull model hit by a ﬁst. Left shows the undeformed skull model. Middle shows the skull model hit by
a hand. Right shows the deformed skull model. Note the detail of the letters on the forehead is preserved in the
deformation

nates based methods are good candidates for detail preserving deformation. Poisson meshes [3] manipulate gradients
of the mesh’s coordinate functions using local transforms
and then reconstruct the surface from the Poisson equation.
Laplacian coordinates represent surface details in another
form, thus can be used in surface deformations[4], [5],
[6], [7], [8]. Another surface representation is rotationinvariant coordinates[9], which consist of the tangential part
and normal part invariant to rotation and translation, in the
ﬁrst and second discrete forms respectively. Multiresolution
approaches[10], [11], [12], [13] enable detail-preserving deformations by decomposing the geometry into several levels
of detail, represented as displacements in a local coordinate
frame, and the coarse meshes act as control objects.

ring, i.e. N(i) = {j|(i, j) ∈ E}
Laplacian coordinates are invariant under translation, but
sensitive to other linear transformation such as rotation and
scale. In fact, note that in Eq.(1) Laplacian coordinate δi
is the linear combination of vi and its neighbors, so the
following properties are straightforward.
Property 1 If the vertex vi and its neighbors are rotated
by a matrix Ri , the Laplacian coordinate after rotation is
Ri δi .
Proof.

1 
1 
Ri vj = Ri (vi −
vj ) = Ri δi . 
δ i = Ri vi −
di j∈N
di j∈N
i

i

Detail preserving sculpting deformation can be described
as: a source surface is hit by a tool surface: the source
surface is deformed into the shape of the tool surface while
maintaining the detail and topology of the original models.
See Figure 1 for an example of such an operation.

Property 2 The scaling factor of Laplacian coordinate is
proportional to the square root of the scaling factor of the
mesh’s area.
Proof. If we enlarge the mesh by n times, the area of the
mesh is enlarged by n2 times. The Laplacian coordinate is
changed into

1 
1 
δi = nvi − n
vj = n(vi −
vj ) = nδi ,
di j∈N
di j∈N

3.1. Laplacian coordinates on meshes and their
properties

That is, it is enlarged by n times. Hence, the scaling factor
of Laplacian coordinate is proportional to the square root of
the scaling factor of the mesh’s area. 

3. Detail preserving sculpting deformation

Let G = (V, E) be a triangular mesh.V denotes the set
of vertices on the mesh and E denotes the set of edges. Let
V = (v1 , v2 , ..., vn ) describes absolute Cartesian coordinates
of the vertices in R3 . We deﬁne the differential coordinate
of vertex vi to be the difference between the absolute
coordinate of vi and its neighbors:
1 
vj ,
(1)
δ i = D(vi ) = vi −
di j∈N
i

where di is the valency of vertex vi . Here, we mostly
consider the neighborhood N(i) to be a one neighborhood



i

i

3.2. Primitive-based detail preserving deformation
Feature invariants We encode the detail of a surface
based on the Laplacian coordinates. Let δi be the Laplacian
coordinates of vertex i in G. From property 1 and property
2, we deﬁne two feature invariants—the relative magnitude
and relative direction of Laplacian coordinates as follows:
Relative magnitude: we deﬁne rmi to be the relative
magnitude of Laplacian coordinates at vertex i as
δi 
rmi = √ ,
si

where si is the total area of the triangles lying in
1-neighbor region of vertex i on mesh B. Mesh
B is a smooth version of G without detail while
sharing the same connectivity with G.
Relative direction: we deﬁne rdi to be the relative
direction of Laplacian coordinates at vertex i as
rdi = Fi−1 δi /δi ,
where Fi is the frame matrix related to vertex i
on mesh B. It is deﬁned as the triplet (bi1 , bi2 , N i ),
where Ni is the normal at vertex i, bi1 is a unit vector orthogonal to some edge eij , bi2 is determined
by the righthand product of Ni and bi1 .
The value of rmi and rdi encode the detail of G, which
should be preserved during sculpting deformation.
Instead of mapping the source mesh to the primitive mesh,
we map the smooth version of source mesh to the primitive
mesh. Let G and B be the source surface and the smooth
version of G without detail, respectively. The surface B is
a low-frequency surface associated with G, which can be
generated by mesh smoothing[14]. Note that by using this
smoothing method, B and G have the same connectivity, and
the amount of smoothing is a user-deﬁned parameter, which
depends on the material of the source object.
We edit the mesh B and modify it into another smooth
mesh U. The mesh B and mesh U share the same connectivity, but have different geometries. We can recover the
mesh with original detail based on mesh U, since each corresponding vertex on mesh B is encoded with invariant detail
representation(relative magnitude and relative direction). We
use the above steps to reconstruct the deformed mesh G’ that
preserves the detail of the original mesh.
Hence, the main steps of our surface-based detailpreserving deformation algorithm are:
1) Compute the relative magnitude rmi and relative
direction rdi of source object G;
2) Use the method in [14] to obtain the smooth version
B of G;
3) Edit the mesh B and modify it into another smooth
mesh U;
U
4) Compute the sU
i and Fi for each vertex i on mesh
U. The magnitude of the Laplacian coordinate δi on
the ﬁnal deformed
mesh is computed by multiplying

rmi with sU
i , the direction of the δi is computed by
multiplying rdi with FiU ;
5) The ﬁnal deformed mesh G’ is reconstructed with the
inverse Laplacian transform L−1 . That is,

U
G = L−1 ((rmi ∗ sU
i ) ∗ (rdi ∗ Fi )).
Because our objective is to simulate the results of sculpting deformation, hence, we use OPCODE version 1.3[15]
to detect the deformed region of source mesh and the
corresponding region on tool mesh, and use the mean-value

coordinate parameterization method[16] to mapping between
the two region. Figure. 2 and Figure. 3 are another two
examples of the detail-preserving sculpting deformation.
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